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SUHVVXUHPDQDJHPHQW+RZHYHULQUHDOFDVHVWRDFKLHYHWKHRSWLPDOGHVLJQRI'0$VPD\EHFKDOOHQJLQJEHFDXVHRI
WKHQXPEHURIGHVLJQFULWHULDWKHQDWXUDOFRPSOH[LW\RI:'1VDQGWKHQXPEHUDQGWKHQRQOLQHDULW\RIWKHLQYROYHG
HTXDWLRQV7KHUHIRUHD'HFLVLRQ6XSSRUW6\VWHP'66DEOHWRSURYLGHWKHEHVWVROXWLRQLQDQDXWRPDWLFZD\ZRXOG
EHUHTXLUHG6HYHUDODSSURDFKHVFDQEHIRXQGLQWKHOLWHUDWXUHRQWKLVWRSLFPRVWRIWKHPVKRZLQJWKHHIIHFWLYHQHVVRI
JUDSK WKHRU\SULQFLSOHV LQ VXFKNLQGRISUREOHPV >@7KHXVHRIJUDSKV IRUPRGHOLQJ:'1VVLJQLILFDQWO\
UHGXFHVWKHQXPEHUDQGWKHFRPSOH[LW\RI WKHUHTXLUHGFDOFXODWLRQV0RUHRYHU WKHDYDLODELOLW\RIZHOONQRZQDQG
UHOLDEOHDOJRULWKPVIRUWKHH[SORUDWLRQRIWKHQHWZRUNJUDSKVLVYHU\XVHIXOIRUWKHVRIWZDUHLPSOHPHQWDWLRQRIWKH
GHVLJQPHWKRGRORJ\1HYHUWKHOHVVWKHDSSURDFKHVRQO\EDVHGRQJUDSKWKHRU\DSSOLFDWLRQVPD\UHVXOWLQDQLQHIILFLHQW
LQYHVWLJDWLRQRI WKHGRPDLQRI IHDVLEOH VROXWLRQV6XFKDSSURDFKHVDUHQRUPDOO\ OLPLWHG WRFRQVLGHUDWLRQVRIQRGH
FRQQHFWLYLW\ZLWKLQWKH'0$VDQGRIUHDFKDELOLW\RIHDFKQRGHIURPWKHZDWHUVXSSO\VRXUFHV>@,QIXUWKHUVWXGLHV
WKLVLVVXHLVWDFNOHGWKURXJKWKHDGRSWLRQRIKHXULVWLFV>@RUPDFKLQHOHDUQLQJWHFKQLTXHV>@$SURFHGXUHEDVHGRQ
WKHXVHRI6LPXODWHG$QQHDOLQJ 6$ LVGHVFULEHG LQ >@ZKLOHD*HQHWLF$OJRULWKP*$ LV LQWURGXFHG LQ >@
+RZHYHUDOWKRXJKHYROXWLRQDU\DOJRULWKPVDUHZLGHO\DFNQRZOHGJHGDPRQJWKHPRVWHIIHFWLYHWHFKQLTXHVIRUVROYLQJ
RSWLPL]DWLRQSUREOHPVWKHLUXVHIRUWKLVW\SHRIDSSOLFDWLRQGRHVQRWDSSHDUWRKDYHEHHQVXIILFLHQWO\LQYHVWLJDWHG
7KHUHIRUHLQWKHSUHVHQWSDSHUWKHPHWKRGRORJ\E\'H3DRODHWDO>@LVFRPSUHKHQVLYHO\UHYLVHGDQGGHYHORSHG
DQGDQ(YROXWLRQDU\0XOWL2EMHFWLYHDOJRULWKP(02LV LQWURGXFHG6WDUWLQJ IURPD ODUJHVHOHFWLRQRI WKHGHVLJQ
FULWHULDGHVFULEHGLQWKHSURSRVHGDSSURDFK>@DWZRREMHFWLYHRSWLPL]DWLRQSUREOHPLVIRUPXODWHGIRUWKHDXWRPDWLF
VHFWRUL]DWLRQ RI D:'1 $GMXVWDEOH ZHLJKWV DUH LQWURGXFHG LQ WKH REMHFWLYH IXQFWLRQV LQ RUGHU WR SURYLGH VRPH
SUHIHUHQFHDUWLFXODWLRQWRWKHGHFLVLRQPDNHU7KHGHVFULSWLRQRIWKHPHWKRGRORJ\LVIROORZHGE\WKHGLVFXVVLRQRIWKH
UHVXOWVRIWKHDSSOLFDWLRQWRDUHDOFDVHVWXG\QDPHO\WKH:'1RI3LDQXUDDQHLJKERUKRRGLQWKHFLW\RI1DSOHV,WDO\
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LHVHUYHGZDWHUGHPDQGDQGKDYHDOLPLWHGQXPEHURIFRQQHFWLRQVZLWKWKHPDLQWUXQNVRU
ZLWKRWKHU'0$V7KLVDSSURDFKUHGXFHVWKHQXPEHURIIORZPHWHUVUHTXLUHGIRUPRQLWRULQJWKHLQSXWDQGRXWSXW
IORZV(OHYDWLRQVRI WKHQHWZRUNQRGHVZLWKLQHDFK'0$VKRXOGDOVREHFRQVLGHUHG LQRUGHU WR LGHQWLI\DXQLTXH
SUHVVXUH WDUJHW OHYHODJDLQVW IRU UHGXFLQJ OHDNDJHZLWKRXWYLRODWLQJ WKHPLQLPXPSUHVVXUHUHTXLUHPHQWDWGHPDQG
QRGHV,QDGGLWLRQWRWKHDERYHPHQWLRQHGFULWHULDZKLFKDUHPDLQO\UHODWHGWRWKHWRSRORJ\RIWKHQHWZRUNWKHFRVW
RI WKH'0$FUHDWLRQ SURMHFW VKRXOG EH WDNHQ LQWR DFFRXQW7KHPRVW RI WKHPHWKRGRORJLHV SURSRVHG VR IDU RQO\
FRQVLGHUWKHFRVWRIWKHVKXWRIIYDOYHVDQGRIWKHIORZPHWHUVUHTXLUHGIRUVHWWLQJWKH'0$VERXQGDULHV7KHDSSURDFK
KHUHSUHVHQWHGDLPV WRGHDOZLWK WKH WRWDORSHUDWLYHFRVW IRU WKHSDUWLWLRQHG:'1ZKLFK LQYROYHVDOVR WKHZDWHU
OHDNDJHFRVWVDQGRIWKHHQHUJ\FRQVXPHGE\SXPSVLISUHVHQW)LQDOO\WKHK\GUDXOLFVRIWKHSUREOHPPXVWEHWDNHQ
LQWRDFFRXQW7KHFRPSOLDQFHZLWKK\GUDXOLFFRQVWUDLQWVPXVWEHYHULILHGDVZHOODVWKHPLQLPXPVHUYLFHUHTXLUHPHQWV
DWQRGHVLQWHUPVRIERWKGHPDQGDQGSUHVVXUH)XUWKHUPRUHLWPXVWEHSRLQWHGRXWWKDWWKHSDUWLWLRQLQJRIWKH:'1
VLJQLILFDQWO\UHGXFHVWKHUHGXQGDQF\RILWVOD\RXW7KLVPD\OHDGWRDQH[FHVVLYHORVVLQWKHV\VWHPUHVLOLHQFHDJDLQVW
VLJQLILFDQW FKDQJHV LQ WKH VSDWLDO RU WHPSRUDO GLVWULEXWLRQ RI ZDWHU GHPDQGV HJ ILUH VHUYLFH *LYHQ WKH DERYH
PHQWLRQHGFULWHULDWKHPDWKHPDWLFDOIRUPXODWLRQRIWKHSUREOHPIROORZVWKHDSSURDFKE\*RPH]HWDO>@ZKHUHD
WRWDOFRVWIXQFWLRQLVFRPSDUHGWRWKHFKDQJHLQWKHK\GUDXOLFSHUIRUPDQFHRIWKH:'17KH7RWDO&RVW)XQFWLRQ
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
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WKHGHFLVLRQPDNHUSXWWKHGHVLUHGHPSKDVLVRQHDFKFRVWLWHPE\FKDQJLQJZHLJKWVZ%Z/Z37KHLUYDOXHVPXVW
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
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HYDOXDWLRQRI&/DQG&3UHTXLUHVWKHDYDLODELOLW\RID:'1K\GUDXOLFPRGHOWKDWWDNHVLQWRDFFRXQWSUHVVXUHGHSHQGHQW
OHDNDJH2QWKHRWKHUKDQGWKHK\GUDXOLFSHUIRUPDQFHLVHYDOXDWHGLQWHUPVRIWKHFKDQJHLQ:'1K\GUDXOLFUHOLDELOLW\
EHIRUHDQGDIWHUWKHVHFWRUL]DWLRQ7KLVLVH[SUHVVHGE\WKH³5HVLOLHQFH'HYLDWLRQ,QGH[´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ZKHUHLLVWKHJHQHULFGHPDQGQRGH1QLVWKHQXPEHURIGHPDQGQRGHVLQWKH:'1TLLVWKHZDWHUGHPDQG+WLLVWKH
PLQLPXPUHTXLUHGKHDGZKLOH+L1'DQG+LDUHWKHDFWXDOKHDGVLQWKHRULJLQDODQGLQWKHQHZFRQILJXUDWLRQRIWKH
:'1UHVSHFWLYHO\6LQFHWKHFORVXUHRISLSHVFDXVHVDUHGXFWLRQLQWKHUHGXQGDQF\SURYLGHGE\PXOWLSOHIORZSDWKV
LQWR DQ DUHD WKH UHOLDELOLW\ RI WKH SDUWLWLRQHG QHWZRUN LV H[SHFWHG WR EH ORZHU WKDQ WKDW LQ WKH RULJLQDO QHWZRUN
FRQILJXUDWLRQ &RQVHTXHQWO\ D ODUJH YDOXH RI ,UG ZRXOG LQGLFDWH D ZRUVH K\GUDXOLF SHUIRUPDQFH 7KHUHIRUH WKH
REMHFWLYHWKDWZRXOGEHDLPHGDWSUHVHUYLQJUHOLDELOLW\OHYHOVFRXOGEHDFKLHYHGE\PLQLPL]LQJWKHPD[LPXPYDOXHRI
,UGRYHUWLPH
^ ` ^ `PD[ PD[ PLQ UG UGW, , W 7     
ZKHUHWLVWKHJHQHULFWLPHVWHSWDQG7LVWKHQXPEHURIWLPHVWHSVLQWKHK\GUDXOLFVLPXODWLRQ

$VIRUSUREOHPFRQVWUDLQWVWKHK\GUDXOLFIHDVLELOLW\RIWKHSURYLGHGVROXWLRQVPXVWEHFRQVLGHUHGILUVW7KHUHIRUH
LQ DGGLWLRQ WR WKH K\GUDXOLF HTXDWLRQV LH KHDGORVV IRUPXODV PDVV EDODQFH HTXDWLRQV SXPS FXUYHV HWF WKH
DFKLHYHPHQWRIWKHPLQLPXPSUHVVXUHWDUJHWDWGHPDQGQRGHV3PLQPXVWEHYHULILHG
^ ` ^ ` PLQ    L W Q3 3 L 1 W 7t       
ZKHUH3LW LV WKHSUHVVXUHDW LWKQRGHDW WKHHQGRI WKH WLPHVWHS W)XUWKHUPRUH LQFDVHRI OLPLWHGEXGJHW IRU WKH
UHTXLUHGLQYHVWPHQW&%PD[WKHIROORZLQJFRQVWUDLQWPXVWEHVDWLVILHG
%PD[%& &d   
)LQDOO\ LQ RUGHU WR DFKLHYH D UHDVRQDEO\ VL]HG'0$V LW LV FRPPRQO\ DVVXPHG WKDW WKH QXPEHU RI FXVWRPHU
FRQQHFWLRQVSHUHDFK'0$VKRXOGEHLQWKHUDQJHEHWZHHQ0LQ&RQQDQG0D[&RQQ$VVXPLQJWKDWWKH
FXVWRPHUVKDYHWKHVDPHUHTXLUHPHQWVLQWHUPVRIZDWHUGHPDQGWKLVFULWHULRQFDQEHDOVRIRUPXODWHGDVIROORZV
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ZKHUH4GLVWKHVXPRIWKHEDVHGHPDQGVDWGHPDQGQRGHVZLWKLQWKHGWK'0$4WRWLVWKHVXPRIWKHEDVHGHPDQGV
RI DOO WKH QHWZRUN QRGHV DQG 7RW&RQQ LV WKH WRWDO QXPEHU RI FXVWRPHU FRQQHFWLRQV +RZHYHU JLYHQ WKH SXUHO\
LQIRUPDWLYHQDWXUHRIWKHEHVWSUDFWLFHOLPLWVLQWKHSURSRVHGDSSURDFKMXVWDFRUUHVSRQGLQJ³IOH[LEOH´FRQVWUDLQWLV
GHILQHG,QEULHIZKHQWKHYDOXHVRI4GIRUDOOWKH'0$VDUHLQWKHDERYHPHQWLRQHGUDQJHWKHVROXWLRQVDUHFRQVLGHUHG
IHDVLEOH2WKHUZLVHLIDWOHDVWRQH4GIDOOVRXWVLGHWKHUDQJHEXWZLWKLQWKHERXQGVWKHVROXWLRQVDUHDFFHSWHG
ZLWKDSUREDELOLW\ WKDW OLQHDUO\GHFUHDVHVZLWK WKHGLVWDQFHIURPWKH OLPLW ,QDOO WKHRWKHUFDVHV WKH VROXWLRQVDUH
FRQVLGHUHGLQIHDVLEOH
2SWLPL]DWLRQPRGHO
7KHGRPDLQRISRVVLEOHVROXWLRQVIRUWKHWZRREMHFWLYHSUREOHPRXWOLQHGLQWKHSUHYLRXVVHFWLRQLV LQYHVWLJDWHG
WKURXJKWKHXVHRIWKH1RQGRPLQDWHG6RUWLQJ*HQHWLF$OJRULWKP16*$,,ZKLFKLVSURSRVHGLQ>@5RXQGLQJ
IXQFWLRQVDUHLQWURGXFHGLQWKHFUHDWLRQIXQFWLRQEHFDXVHRIWKHSUHVHQFHRILQWHJHUYDULDEOHV&RQVWUDLQWKDQGOLQJLV
LPSOHPHQWHG DV ZHOO DQG WKH WRXUQDPHQW VHOHFWLRQ LV DGRSWHG 7KH VLPXODWHG ELQDU\ FURVVRYHU >@ DQG WKH
SRO\QRPLDOPXWDWLRQDUHXVHGDVUHSURGXFWLRQRSHUDWRUV$VFKHPDWLFRIWKHRSWLPL]DWLRQDOJRULWKPLVVKRZHGLQ)LJ
%HVLGHVWKHQHWZRUNIHDWXUHVOD\RXWQXPEHURIFXVWRPHUFRQQHFWLRQVWDUJHWSUHVVXUHDWQRGHVDQGWKHXQLWFRVWV
VKXWRIIYDOYHVIORZPHWHUVZDWHUOHDNDJHHQHUJ\XVHWKHLQSXWSDUDPHWHUVWKDWPXVWEHSURYLGHGDUHWKHVHWWLQJV
RI WKH 16*$,, VL]H RI WKH SRSXODWLRQ QXPEHU RI JHQHUDWLRQV WRXUQDPHQW VL]H FURVVRYHU IUDFWLRQ GLVWULEXWLRQ
LQGLFHVIRUFURVVRYHUDQGPXWDWLRQDQGWKHXSSHUERXQGIRUWKHQXPEHURI'0$V'PD[,WLVZRUWKQRWLQJWKDWWKLV
DSSURDFKH[SORUHVDEURDGVSDFHRIVROXWLRQVDQGDOORZVWKDWWKHPRVWFRQYHQLHQWQXPEHURI'0$VLVIRXQG7KHVHW
RIGHFLVLRQYDULDEOHVFRQVLVWVRIWKHIROORZLQJV
x WKHQXPEHURI'0$V'LQWKHFXUUHQWVROXWLRQLQWHJHU
x WKHQRGHLQGLFHVIRUDQXPEHURI'0$FHQWURLGVHTXDOWR'LQWHJHU
x DEOHQGLQJIDFWRUĳUDQJLQJIURPWRIRUWKHHYDOXDWLRQRID³WRSRORJLFDOGLVWDQFH´EHWZHHQQRGHVUHDO
$WHDFKHYDOXDWLRQWKH'0$VDUHFUHDWHGE\DGGLQJHYHU\:'1QRGHWRWKH'0$RIWKHFORVHVWFHQWURLG7KH
GLVWDQFHVRQWKHQHWZRUNJUDSKVDUHFRPSXWHGDVWKHOHQJWKVRIWKHVKRUWHVWSDWKVEHWZHHQHDFKSDLURIQRGHVHYDOXDWHG
XVLQJWKH)OR\G:DUVKDOO$OJRULWKP):$>@,QRUGHUWRPHHWWKH³WRSRORJLFDOFULWHULD´GLVFXVVHGLQVHFWLRQ
WKHZHLJKWRQWKHJUDSKHGJHOLMFRQQHFWLQJWKHQRGHVLDQGMLVFRPSXWHGDVIROORZV
^ `   ^ `PD[ PD[
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
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ZKHUHTLDQG]LDUHWKHZDWHUEDVHGHPDQGDQGWKHHOHYDWLRQDWQRGHLZKLOHQLLVWKHQXPEHURIHGJHVOLQNHGWRWKH
VDPHQRGH2QFHWKH'0$VDUHGHILQHGWKHVROXWLRQLVEURXJKWLQWRWKHK\GUDXOLFVLPXODWLRQPRGHOE\FORVLQJWKH
SLSHV FRQQHFWLQJ GLIIHUHQW '0$V ,I WKHUH LV DQ\ '0$ WKDW LV FRPSOHWHO\ LVRODWHG IURP WKH ZDWHU VRXUFHV WKH
DOJRULWKPDOORZVWKDWWKHVXSSO\LVSURYLGHGE\RSHQLQJWKHPRVWDSSURSULDWHFRQQHFWLRQEHWZHHQGLIIHUHQW'0$V
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7KH):$LVXVHGDJDLQWRFDOFXODWHWKHVKRUWHVWSDWKVIURPWKHVRXUFHQRGHVWRWKHERXQGDU\QRGHVRIWKHLVRODWHG
'0$+RZHYHULQRUGHUWRHQVXUHDVXIILFLHQWSUHVVXUHKHDGDWWKHHQWU\SRLQWRIWKH'0$WKHZHLJKWRQWKHJUDSK
HGJHVDUHVHWHTXDOWRWKHK\GUDXOLFUHVLVWDQFHRIWKHSLSHV)RUIXUWKHUGHWDLOVVHHWKHSURFHGXUHGHVFULEHGLQ>@
7KHQWKHK\GUDXOLFVLPXODWLRQLVUXQXVLQJWKHXSGDWHGPRGHORIWKH:'17KLVDOORZVWKHIXOOHYDOXDWLRQRIREMHFWLYH
IXQFWLRQVDQGDQGRIFRQVWUDLQWIXQFWLRQV7KHHYDOXDWLRQRIWKHHIIHFWRIWKHSURYLGHGVROXWLRQVRQ
WKHDPRXQWRIZDWHUORVVHVUHTXLUHVWKDWSUHVVXUHGHSHQGHQWOHDNDJHVDUHSURSHUO\PRGHOHGLQWKHK\GUDXOLFVLPXODWLRQ
PRGHO2Q WKH FRQWUDU\ EHFDXVH WKH SUHVVXUH DW GHPDQG QRGHV LV UHTXLUHG WR H[FHHG WKHPLQLPXP WDUJHW YDOXH
PRGHOLQJRISUHVVXUHGHSHQGHQWGHPDQGV LV QRW UHTXLUHG7KHGHVFULEHGVWHSVDUH UHSHDWHG IRUDOO WKHHYDOXDWLRQV
UHTXLUHGE\WKH16*$,,WRGHYHORSWKHILQDOFRQILJXUDWLRQRIWKH3DUHWRIURQW


)LJ6FKHPDWLFRIWKHRSWLPL]DWLRQDOJRULWKP
&DVHWHVW
7KHUHVXOWVRIWKHDSSOLFDWLRQRIWKHSURSRVHGPHWKRGRORJ\DUHSUHVHQWHGLQWKLVVHFWLRQ$UHDOFDVHWHVWLVDQDO\]HG
QDPHO\WKH:'1RI3LDQXUDDQHLJKERUKRRGLQWKHFLW\RI1DSOHV,WDO\7KH:'1FRQVLVWVRIQRGHVSLSHV
DQGDVLQJOHUHVHUYRLUDVZDWHUVRXUFHVHH)LJ
7KHPLQLPXPUHTXLUHGSUHVVXUHDWGHPDQGQRGHVLVPHWHUV7KHPRVWRIWKHEDFNJURXQGZDWHUORVVHVLVORFDWHG
LQWKHQRUWKHUQDUHDDQGWKH\DUHPRGHOHGWKURXJKWKHXVHRIFDOLEUDWHGHPLWWHUVLQGHPDQGGULYHQDQDO\VLV7KHUHVXOWV
FRPHIURPWKHVRIWZDUHLPSOHPHQWDWLRQRIWKHRSWLPL]DWLRQDOJRULWKPLQ0DWODEHQYLURQPHQWZKLOHWKHUHYLVHG
YHUVLRQRI(3$1(7>@GHVFULEHGLQ>@LVDGRSWHGDVDK\GUDXOLFVLPXODWRU*LYHQWKHDEVHQFHRISXPSLQJVWDWLRQV
WKH DQDO\VLV LV RQO\ IRFXVHG RQ WKH RSWLPL]DWLRQ RI LQYHVWPHQW FRVWV DQG ZDWHU OHDNDJH FRVWV:LWKRXW D ORVV RI
JHQHUDOLW\WKHZHLJKWVLQWKH7&)DUHVHWHTXDOWR0RUHRYHUDEXGJHWOLPLWRIHXURVLVFRQVLGHUHGZKLOH
WKHXSSHUOLPLWIRUWKHQXPEHURI'0$VLQHDFKVROXWLRQLVDVVXPHGHTXDOWRILYH7KHFRVWRIWKHZDWHUORVVHVLV
TXDQWLILHGLQ¼PZKLOHWKHXQLWFRVWVRIVKXWRIIYDOYHVDQGIORZPHWHUVDUHUHSRUWHGLQ7DEOH
7KHVHOHFWLRQRIWKHSDUDPHWHUVRIWKH16*$,,LVEDVHGRQWKHUHVXOWVRIDVHQVLWLYLW\DQDO\VLVZKLFKLVQRWUHSRUWHG
KHUHIRUWKHVDNHRIEUHYLW\7KHVL]HRIWKHSRSXODWLRQDQGWKHQXPEHURIJHQHUDWLRQVDUHERWKIL[HGDWVRWKDW
HYDOXDWLRQVDUHUHTXLUHGSHUHDFKUXQ7KHWRXUQDPHQWVHOHFWLRQZLWKVL]HHTXDOWRDQGDFURVVRYHUSUREDELOLW\
RI  DUH XVHG IRU WKH UHSURGXFWLRQ'XH WR WKH SUHVHQFH RI LQWHJHU YDULDEOHV DQG LQ RUGHU WR SURYLGH VXIILFLHQW
GLIIHUHQWLDWLRQLQWKHJHQHUDWLRQRIFKLOGVROXWLRQVYHU\ORZYDOXHVHTXDOWRDUHDGRSWHGDVGLVWULEXWLRQLQGLFHVIRU
FURVVRYHUDQGPXWDWLRQ)LJDVKRZVWKH3DUHWRIURQWVIRULQGHSHQGHQWUXQVRIWKHRSWLPL]DWLRQDOJRULWKPWKXV
LQYROYLQJDWRWDORIHYDOXDWLRQVRIWKHREMHFWLYHIXQFWLRQV7KHTXDOLW\RIWKHSHUIRUPDQFHFDQEHHYDOXDWHG
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E\FRQVLGHULQJWKHHPSLULFDOILUVWRUGHUDWWDLQPHQWIXQFWLRQ($)DVUHSRUWHGLQ>@7KHYHU\QDUURZEDQGLQGLFDWHG
E\WKHWUDFHVRIWKHDWWDLQPHQWVXUIDFHVFRUUHVSRQGLQJWRWKHWKDQGWKHWKSHUFHQWLOHV)LJEGHQRWHVWKHYHU\
JRRGSHUIRUPDQFHRIWKHRSWLPL]DWLRQ


)LJ/D\RXWRIWKH:'1RI3LDQXUD
7DEOH8QLWFRVWVRIVKXWRIIYDOYHVDQGIORZPHWHUV
'LDPHWHUPP 6KXWRIIYDOYH¼ )ORZPHWHU¼
  
  
  
  
  
  
  
  
  
  
  
  

7KHVROXWLRQVREWDLQHGVKRZWKDWDGHFUHDVHLQWKHK\GUDXOLFUHVLOLHQFHLVOLPLWHGWRZKLFKFDQEHFRQVLGHUHG
UHDVRQDEO\VDWLVIDFWRU\IRUWKLVNLQGRIDSSOLFDWLRQ)URPDWHFKQLFDOSRLQWRIYLHZWKHIHDVLELOLW\RIWKHVROXWLRQVLV
HYLGHQFHGE\WKHQXPEHURISLSHVWKDWQHHGVWREHFORVHGZKLFKLVDOZD\VEHORZ0RUHIUHTXHQWO\WKHQXPEHURI
FORVHGSLSHVLVEHWZHHQDQG
+RZHYHUWKHPRVWLQWHUHVWLQJRXWFRPHVDUHVKRZQLQ)LJDLQZKLFKWKHVROXWLRQVDUHGHWDLOHGEDVLQJRQWKH
UHTXLUHGLQYHVWPHQWDQGRQWKHSHUFHQWDJHUHGXFWLRQRIWKHDQQXDOFRVWGXHWRWKHZDWHUOHDNDJH,WFDQEHQRWHGWKDW
WKHPD[LPXPYDOXHRIWKHUHTXLUHGLQYHVWPHQWLVIDUIURPWKHIL[HGEXGJHWOLPLWZLWKPRVWRIWKHVROXWLRQVLQYROYLQJ
H[SHQGLWXUHVOHVVWKDQRIWKHOLPLW$WWKHVDPHWLPHWKH)LJGHPRQVWUDWHVWKDWWKHFORVXUHRIDOLPLWHGQXPEHU
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RISLSHVLQWKH:'1LVDEOHWRSURYLGHVLJQLILFDQWUHGXFWLRQVLQWKHDPRXQWRIWKHZDWHUORVVHVKHUHHVWLPDWHGEHWZHHQ
DQG


)LJ2YHUODSSHG3DUHWRIURQWVDDQGDWWDLQPHQWVXUIDFHVEIRULQGHSHQGHQWUXQVRIWKHRSWLPL]DWLRQDOJRULWKP
7KHEXONRIWKHVROXWLRQVFRQVLVWVRIRU'0$VDQGRQO\LQIHZFDVHV'0$VDUHFRQWHPSODWHG7KHVROXWLRQ
ZLWKWKHEHVWRYHUDOOYDOXHRIWKH7&)KLJKOLJKWHGE\WKHUHGFLUFOHLQ)LJDLQYROYHVWKHGHOLPLWDWLRQRI'0$V
ZLWKDUHGXFWLRQLQWKHSHUFHQWDJHRIZDWHUORVVHVHTXDOWRDJDLQVWDUHTXLUHGLQYHVWPHQWRIDSSUR[LPDWHO\KDOI
RIWKHEXGJHW)LJE


)LJ5HTXLUHGLQYHVWPHQWDQGUHGXFWLRQRIZDWHUORVVHVDDQGOD\RXWRIWKHVROXWLRQZLWKWKHEHVW7&)YDOXHE
&RQFOXVLRQV
7KHFRPSUHKHQVLYHPHWKRGRORJ\SUHVHQWHGLQWKLVSDSHULVGHYHORSHGWRSURYLGHDSRZHUIXOWRROIRUWKHGHVLJQRI
HIIHFWLYH'0$VLQ:'17KHIRUPXODWLRQRIWKHSUREOHPLVRULHQWHGWRWKHRSWLPL]DWLRQRIWKHPDLQGHVLJQFULWHULD
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QDPHO\WKHWRWDOFRVWDQGWKHK\GUDXOLFUHOLDELOLW\EXWVHYHUDORWKHULVVXHVDUHWDNHQLQWRDFFRXQWLQWKHLPSOHPHQWDWLRQ
RIWKHPRGHO,QSDUWLFXODUWKHEHVWSUDFWLFHSULQFLSOHVIRUVL]LQJWKH'0$VDUHFRQVLGHUHGQXPEHURIFXVWRPHUV
QRGHHOHYDWLRQVOLPLWHGQXPEHURIFRQQHFWLRQVEHWZHHQGLIIHUHQW'0$VDVZHOODVWKHK\GUDXOLFIHDVLELOLW\RIWKH
VROXWLRQV7KH16*$,,LVDGRSWHGDVWKHRSWLPL]DWLRQDOJRULWKPDQGWKHUHVXOWVREWDLQHGIURPLWVDSSOLFDWLRQWRDUHDO
FDVH VWXG\ DUH HQFRXUDJLQJ ,Q IXWXUHZRUNV WKH VHQVLWLYLW\ DQDO\VLVZLWK UHVSHFW WR WKH LQSXW SDUDPHWHUVZLOO EH
DGGUHVVHG)XUWKHULQYHVWLJDWLRQVZLOOEHDOVRSHUIRUPHGRQWKHRSWLPL]DWLRQRIWKHHQHUJ\FRQVXPSWLRQ>@ZKLFK
LVQRWDGGUHVVHGLQWKHSUHVHQWSDSHU
5HIHUHQFHV
>@ -0RUULVRQ67RRPV'5RJHUV³'0$0DQDJHPHQW*XLGDQFH1RWHV´,:$3XEOLFDWLRQ
>@ -6HPSHZR$3DWKLUDQD DQG.9DLUDYDPRRUWK\ ³6SDWLDODQDO\VLV WRRO IRU GHYHORSPHQWRI OHDNDJH FRQWURO ]RQHV IURP WKHDQDORJ\RI
GLVWULEXWHGFRPSXWLQJ´3URFRIWK$QQXDO:DWHU'LVWULEXWLRQ6\VWHPV$QDO\VLV6\PSRVLXP:'6$6RXWK$IULFD
>@ 97]DWFKNRY*$OFRFHU<DPDQDND92UWL]³*UDSKWKHRU\EDVHGDOJRULWKPVIRUZDWHUGLVWULEXWLRQQHWZRUNVHFWRUL]DWLRQSURMHFWV´3URF
RIWK$QQXDO:DWHU'LVWULEXWLRQ6\VWHPV$QDO\VLV6\PSRVLXP:'6$&LQFLQQDWL2KLR86$
>@ $'L1DUGR0'L1DWDOH*6DQWRQDVWDVR69HQWLFLQTXH³*UDSKSDUWLWLRQLQJIRUDXWRPDWLFVHFWRUL]DWLRQRIDZDWHUGLVWULEXWLRQV\VWHP´
3URFRIWK,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWLQJDQG&RQWUROIRU:DWHU,QGXVWU\&&:,([HWHU8QLWHG.LQJGRP
>@ /3HUHOPDQ$2VWIHOG³:DWHUGLVWULEXWLRQV\VWHPVVLPSOLILFDWLRQVWKURXJKFOXVWHULQJ´-:DWHU5HVRXU3ODQQ0DQDJH
>@ .'LDR<=KRX:5DXFK³$XWRPDWHGFUHDWLRQRIGLVWULFWPHWHUHGDUHDERXQGDULHVLQZDWHUGLVWULEXWLRQV\VWHPV´-:DWHU5HVRXU3ODQQ
0DQDJH
>@ *)HUUDUL'6DYLF*%HFFLX³$JUDSKWKHRUHWLFDSSURDFKDQGVRXQGHQJLQHHULQJSULQFLSOHVIRUGHVLJQRIGLVWULFWPHWHUHGDUHDV´-:DWHU
5HVRXU3ODQQ0DQDJHGRL$6&(:5
>@ 6$OYLVL0)UDQFKLQL³$KHXULVWLFSURFHGXUHIRUWKHDXWRPDWLFFUHDWLRQRIGLVWULFWPHWHUHGDUHDVLQZDWHUGLVWULEXWLRQV\VWHPV´8UEDQ:DWHU
-
>@ 0+HUUHUD-,]TXLHUGR53HUH]*DUFLD,0RQWDOYR³0XOWLDJHQWDGDSWLYHERRVWLQJRQVHPLVXSHUYLVHGZDWHUVXSSO\FOXVWHUV´$GYDQFHV
LQ(QJLQHHULQJ6RIWZDUH
>@5*RPHV$6D0DUTXHV -6RXVD³'HFLVLRQVXSSRUW V\VWHP WRGLYLGHD ODUJHQHWZRUN LQWRVXLWDEOHGLVWULFWPHWHUHGDUHDV´:DWHU6FL
7HFKQRO
>@$'L1DUGR0'L1DWDOH*6DQWRQDVWDVR97]DWFKNRY*$OFRFHU<DPDQDND³:DWHUQHWZRUNVHFWRUL]DWLRQEDVHGRQDJHQHWLFDOJRULWKP
DQGPLQLPXPGLVVLSDWHGSRZHUSDWKV´:DWHU6FLHQFH	7HFKQRORJ\:DWHU6XSSO\
>@)'H3DROD1)RQWDQD(*DOGLHUR0*LXJQL*6RUJHQWLGHJOL8EHUWL09LWDOHWWL³2SWLPDOGHVLJQRIGLVWULFWPHWHUHGDUHDVLQZDWHU
GLVWULEXWLRQQHWZRUNV´3URFRIWK,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWLQJDQG&RQWUROIRU:DWHU,QGXVWU\&&:,3HUXJLD,WDO\
>@3*RPH])&XELOOR)0DUWLQ³&RPSUHKHQVLYHDQGHIILFLHQWVHFWRUL]DWLRQRIGLVWULEXWLRQQHWZRUNV´3URFRIWK,QWHUQDWLRQDO&RQIHUHQFH
RQ&RPSXWLQJDQG&RQWUROIRU:DWHU,QGXVWU\&&:,3HUXJLD,WDO\
>@$'L1DUGR0'L1DWDOH³$KHXULVWLFGHVLJQVXSSRUWPHWKRGRORJ\EDVHGRQJUDSKWKHRU\IRUGLVWULFWPHWHULQJRIZDWHUVXSSO\QHWZRUNV´
(QJLQHHULQJ2SWLPL]DWLRQ
>@. 'HE $ 3UDWDS 6 $JDUZDO 7 0H\DULYDQ ³$ IDVW DQG HOLWLVW PXOWLREMHFWLYH JHQHWLF DOJRULWKP 16*$,,´ ,((( 7UDQVDFWLRQV 2Q
(YROXWLRQDU\&RPSXWDWLRQ
>@.'HE$.XPDU³5HDOFRGHGJHQHWLFDOJRULWKPVZLWKVLPXODWHGELQDU\FURVVRYHUVWXGLHVRQPXOWLPRGDODQGPXOWLREMHFWLYHSUREOHPV´
&RPSOH[6\VWHPV
>@5)OR\G³$OJRULWKPVKRUWHVWSDWK´&RPPXQLFDWLRQVWRWKH$&0
>@1)RQWDQD0*LXJQL6*OLR]]L09LWDOHWWL³6KRUWHVWSDWKFULWHULRQIRUVDPSOLQJGHVLJQRIZDWHUGLVWULEXWLRQQHWZRUNV´8UEDQ:DWHU-
GRL;
>@/5RVVPDQQ³(3$1(7XVHUVPDQXDO´86(QYLURQPHQWDO3URWHFWLRQ$JHQF\&LQFLQQDWL2+
>@00RUOH\&7ULFDULFR ³3UHVVXUHGULYHQGHPDQGH[WHQVLRQ IRU(3$1(7 (3$1(7SGG´7HFKQLFDO5HSRUW &HQWUH IRU:DWHU
6\VWHPV8QLYHUVLW\RI([HWHU8.
>@0/ySH],EixH] / 3DTXHWH DQG7 6WW]OH ³([SORUDWRU\ DQDO\VLV RI VWRFKDVWLF ORFDO VHDUFK DOJRULWKPV LQELREMHFWLYH RSWLPL]DWLRQ´ LQ
([SHULPHQWDOPHWKRGVIRUWKHDQDO\VLVRIRSWLPL]DWLRQDOJRULWKPV&KDSWHU6SULQJHU9HUODJ%HUOLQ+HLGHOEHUJ
>@1 )RQWDQD0*LXJQL' 3RUWRODQR ³/RVVHV UHGXFWLRQ DQG HQHUJ\ SURGXFWLRQ LQZDWHU GLVWULEXWLRQQHWZRUNV´ -:DWHU5HVRXU 3ODQQ
0DQDJHGRL$6&(:5
>@1)RQWDQD0*LXJQL'3RUWRODQR&ORVXUHWR³/RVVHVUHGXFWLRQDQGHQHUJ\SURGXFWLRQLQZDWHUGLVWULEXWLRQQHWZRUNV´-:DWHU5HVRXU
3ODQQ0DQDJHGRL$6&(:5
